Abstract-With advancements in information technology, computer applications have now been largely implemented in health care, where medical support system or expert system is serving as a second opinion for medical personnel, underscoring its importance. The present study aims to design a prototype medical diagnostic support system, in which DICOM-based image analysis algorithms are utilized to develop an image browser and graphical user interface (GUI), allowing medical personnel to read X-ray, CT scan, MRI or other medical imaging files via a simple browser interface. Practitioners may also configure parameters for the intensity slicing and intensity analysis based on their medical expertise and experience to automatically generate converted imaging results for use as diagnostic references. Furthermore, the integration of GUI and network programming technology facilitates patient consultation and discussions among doctors in different areas, making this medical diagnosis system a telemedicine application, as well as an e-learning tool.
I. INTRODUCTION
The current approach to medical treatments relies on apparent signs of serious symptoms or ailments from the patient to determine the course of treatment. However, when obvious symptoms or discomfort occur and the patient seeks medical attention, the illness has often progressed to a later stage. If it is possible to have an early diagnosis for the causes of the disease, simple medical procedure or preventive measures can be applied for proper and efficient treatments. For this reason, the use of effective medical diagnosis support system can assist practitioners in the diagnosis by providing relevant information, in turn enhancing the timely treatment of ailments.
With advances in medical engineering and technology, computer aided diagnosis system is now widely implemented in hospitals, where it is designed to complement the shortcomings of medical systems to provide practitioners with more pathological information on the patients for better understanding of patients' symptoms. Computer-aided diagnosis system takes many forms, e.g. X-rays, computed tomography (CT) scan or magnetic resonance imaging (MRI). The reports, data and files can be stored on a network medical database. Using a picture archiving and retrieval system (PACS), medical personnel (doctors or nurses) can access and retrieve these data to determine the course of treatment based on patient symptoms.
A picture archiving and communication system (PACS) consists of image and data acquisition, storage, and display subsystems integrated by various digital networks. It can be as simple as a modality connected to a display workstation with small image database, or as complex as a total hospital image management system. Now, most clinical PACS developed as open architecture systems are following the DICOM standard in image communication, image format and image management [2] . The image distribution and display inside radiology departments or hospitals mostly use DICOM services, e.g. Storage, Query/Retrieval, Printing, etc., and these standardized services greatly and efficiently improve the interpretabilities among different manufactures' PACS components [1] .
Results of medical exams, e.g. X-rays, CT scan, or MRI, are stored in the commonly used DICOM medical image format. The image content is then interpreted and analyzed by a doctor for prescribing further medical treatment. DICOM medical images are high-resolution grayscale images. Doctors can use the image browser to review a single image or the subtle variations among a series of continuous images, and interpret the patient's symptoms based on observation and medical experience. The interpretation of these medical images requires the use of high-resolution display as the output device to obtain the best imaging results. Differences in grayscale images are sometimes too subtle, resulting in interpretation difficulties or misjudgment. Therefore, if parameter settings can be specified to display particular marked information according to the interpretation needs of the doctor, it serves as a good supporting reference during the interpretation process.
For the reasons above, this study aims to design a Medical Diagnosis Supporting System using image processing technology that can interpret DICOM file format and process image content conversion. An interactive interface allows doctors to read the medical images and specify parameters for the image files and image regions under observation according to different diagnostic needs. Then, through automatic interpretation and comparison, the regions of interest (ROI) can be displayed in different colors to provide references and suggestions for doctors to perform medical interpretation. In addition, the functional integration of a web browser with video features can be embedded on a website, where the interface facilitates remote medical diagnosis or medical image transmission between different hospitals to achieve more efficient and convenient patient diagnosis. The paper is organized as follows: Section II describes the related work by our project. Section III introduces our prototype system with its user-friendly interface. The experimental evaluation and results are reported in Section IV. Finally, Section V concludes this paper and lists future works.
II. RELATED WORK
Medical diagnosis is in essence a cognitive process of complex and ambiguous nature. Drawing from the computational model of artificial neural networks, it is shown that medical decision support system (MDSS) has great potential and is worthy of further developments. The main purpose of MDSS is to help doctors in the diagnosis process, presumably through displaying medical records for practitioners to analyze a patient's susceptibility to a certain disease. Yan et al. [3] developed a multilayer perceptron-based decision support system for heart disease diagnosis. The system consists of 40 input variables in the input layer which are encoded and divided into four groups. The results show that the proposed MLP-based decision support system can achieve very high diagnostic accuracy, evidencing its value in making clinical decisions for heart disease. Ogiela et al. [4] introduced the application of structured artificial intelligence, in particular semantic reasoning mechanism, to develop an intelligent medical information system. The main purpose of the system is to use graphs and data for readers to quickly understand the implication of medical test images.
Image processing [5, 6] plays a critical role in computer science, through which digital images are processed to enable detection of information imperceptible to the human eye. Several studies have exploited image processing techniques, e.g. color conversion [7] , brightness enhancement [8, 9] , color level variations [10, 11] , in hopes of providing supporting medical diagnostic information for medical practitioners.
Digital medical imaging technologies provide powerful tools for diagnosis, treatment and surgery, acting as the cornerstone to modern medicine and health care [12, 13] . Digital Imaging and Communications in Medicine (DICOM) is a standard for handling, storing, printing, and transmitting information in medical imaging. It includes a file format definition and a network communications protocol [15] . The communication protocol is an application protocol that uses TCP/IP to communicate between systems.
Digital images are generated by a wide variety of radiological hardware. Each device collects data, which are then encoded and stored electronically in DICOM format [16] . This is a universal file type, developed to facilitate data exchange between hardware, irrespective of manufacturer. DICOM files store a large amount of data and usually need to be viewed on dedicated workstations but may be transferred electronically to other computers where they can be displayed provided appropriate DICOM viewing software is installed. DICOM files can easily be converted to a variety of image formats and edited before use in teaching and publications.
Hu et al. [17] used medical image processing techniques to develop a clinical diagnosis and treatment support platform, where it implements an interactive image processing technology to process DICOM format images, such as image smoothing, sharpening, histogram processing, pseudo-color processing, segmentation, reading, local amplification and measurement functions, targeting patients' CT image viewing to provide flexible and accurate reference data. In remote areas with limited resources, web-based decision support systems can pool together a network of doctors to jointly diagnose and treat patients [18, 19] .
III. THE PROPOSED METHODS
This study endeavors to develop a prototype medical diagnostic support system using image processing technology and DICOM file attributes. Through file information acquisition and analysis and parameter setting, the system produces indiscernible contents for a series of medical images that would otherwise gone undetected by the human eye to assist doctors in medical diagnosis. This study proposes a number of data analysis approaches, as detailed in the following sections.
A. System Design and Implementation
This section explains the design architecture of the system. Figure 1 shows the flow chart of the DICOM image analysis. A DICOM image contains a patient's medical test images and personal information. According to variant needs, the user may input one or more DICOM image files; and once the images are processed and patient data modules acquired, they can be stored in XML format in the system database, wherein the DICOM header information and image attributes are used for image enhancement and sequence image analysis.
Intensity slicing is an image processing technique that enables image conversion and visual-effect display based on statistics collected for different threshold settings, where the converted images serve as aids in the diagnosis. In order to provide medical personnel with the convenience of observation, a user interface for intensity slicing and analysis is designed with the following features:
(1) The threshold values for intensity slicing can be divided according to the signal change statistically calculated from the images or based on the userdefined levels and segments; every set of threshold value is represented by one color level. (2) Each DICOM file has a header containing amongst other items, patient demographic information, acquisition parameters, referrer, practitioner and operator identifiers and image dimensions. The remaining portion of the DICOM file contains the image data (e.g. Figure 2 ). Because they often contain multiple high-resolution images, DICOM files tend to be large and are frequently compressed before storage and transfer. Figure 2 shows an example DICOM image and its file header information. In the Hospital Information System (HIS), different types of services call for different types of data elements. During the image processing, we need to acquire the image resolution (row × column), color space, image size, gray level image or color image, among other information. A part of the image content recorded in the DICOM file contains tags recording the image structure information, such as the content bracketed in red in Figure 2 (b) . Table I1 presents important data elements related to image structure when reading the DICOM files. According to DICOM image tag records, we convert the DICOM file into an image that can be easily read on regular displays and, at the same time, acquire other relevant information in the DICOM file, e.g. date of examination, patient information, to be stored in XML format for follow-up data transmission and exchange. The present study exploits image processing to develop a medical diagnostic support system using a self-designed DICOM file reading interface. We propose numerous operating modes for improved analysis of medical images that can serve as valuable references during the diagnosis for practitioners. Figure 3 shows the system interface architecture. In addition to the function of reading DICOM files, the browser has other features such as color conversion. Related features are presented in Figure  4 and Table2II. We assume that each image is 3D function consisting space coordinates (x, y) versus signal intensity. In this 3D space coordinates is a slicing plane interlaced with the image. Suppose 0 ~ L-1 represents the intensity of gray level image (signal intensity), then the origin l 0 denotes pure black, i.e. f (x, y) = 0, whereas the maximal point l L-1 represents pure white, i.e. f (x, y) = L-1.
If anything above the slicing plane is defined as color C 1 , and anything below is defined as another color C 2 , then the entire image is divided into two colors; signals greater than the slicing plane will be converted to color C 1 , while signals below will be converted to color C 2 .
In this study, pixel brightness of the medical image determines the signal intensity. Figure 5 shows an MRI image of a knee-joint, where the grayscale value is set to be between 0 to 255, with the slicing plane set at 128 to divide the image into two different color areas. We further extend the concept of slicing plane. Assume M number of slicing planes l 1 , l 2 , l 3 ,…, l M are perpendicular to the X-axis (gray value) (0 <M <L-1), and these M number of planes can divide the gray level into M＋1 intervals to represent planes V 1 , V 2 , …,V P ＋ 1 , then the gray level can be mapped to the defined color using formula (1)
where C k denotes the defined color of the k th intensity interval V k (areas divided from the two slicing planes l＝k -1 and l＝k). Figure 6 demonstrates the use of different slicing plane intensity to display different colors of an MRI image of a local lumbar spine.
Here, intensity slicing technology for medical image analysis is implemented, where doctors are given the option to perform intensity slicing on the area of interest for each of the images in the same series to designate different colors according to signal intensity. The resulting images are merged into a series of images for practitioners to play back with video equipment, and they can choose to browse single image or play the entire series of images in sequence. 
D. Intensity analysis
In addition to performing intensity slicing on the DICOM image files for visual enhancements, numerical analysis is also analyzed for the entire image. Take MRI for instance, a series of images are taken at a fixed position during the procedure; once the imaging is completed, doctors will then interpret the images according to the captures at different time points. If 4D images (2D plane plus image intensity and time) can be statistically or numerically calculated to reflect the image variations, then it can assist doctors in a way that is different from the conventional visual analysis of images.
We analyze pixel data of the DICOM data elements (7FE0, 0010) to represent different brightness intensities with different colors. Figure 3 shows an example of the brightness intensity analysis of the pixel data of an entire DICOM image, where pixels of similar intensity are close to one another in terms of color distribution. The area of analysis can be adjusted through varying the unit of observation, e.g. 11 、 22 、 33,…,nn pixels. The smaller the units, the higher the accuracy, but the computational complexity also increases. In order to facilitate the observation of changes in image pixel values, we calculate the image intensity variations at each time point based on the preset analysis unit. Calculation of the variations includes the original SI value, slope value and peak value (%) changes. By utilizing these changes, a time point (X axis) versus area intensity variations (Y axis) line chart can be drawn for practitioners to use as diagnostic reference.
Among them, the original SI value is used to represent the original area signal intensity of the area, where the analytic data are acquired from reading the raw data value. Figure 8 shows the changes in original SI values for a series of CT image files, where the X-axis represents time change and Y-axis the brightness change. In the present study, the analysis values at three time points are taken, coupled with intensity slicing technology, to map the three analytic values onto an image using different colors to highlight the changes in (e.g. body tissue) signal intensity after an injection of test drugs (e.g. radio contrast agent). In this study, the slope value is used to analyze an image between two neighboring time points, which can be seen as the signal difference of an image area between two consecutive time units. This analysis can help practitioners get a better grasp of the tissue of interest; for example, the higher the blood vessel density and tissue permeability would result in greater signal differences.
The slope value is defined as the changes in intensity between two neighboring time points. For instance, if the signal intensity is Y 1 at time point X 1 and Y 2 at time point X 2 for area R, then the slope for X 2 is calculated as:
Peak (%) value is defined as the signal difference between a particular time point and the initial time point. Assume the signal density is Y 0 at time point X 0 and Y 3 at time point X 3 , then the peak (%) value at X 3 is calculated as follows. Figure 9 shows a line graph for the peak value changes from the brightness analysis, where the X-axis represents the time point of observation, and the Y-axis the difference in variation. From the line chart, the differences between the intensity slicing areas at different time points can be observed. Drastic changes in the line graph imply more in-depth observation by the practitioner is demanded. 
IV. IMPLEMENTATION AND RESULTS
This section integrates the proposed strategies and the research methods to convert the algorithms into a user interface for medical personnel to load image files for analysis and observation. The following describes the results of practical application. Figure 11 (a) is an MRI image of a knee. We observed that the signal obtained for the same organs and tissues do not exhibit contrasting differences (pixel brightness of the image). Considering the naked eye is not able to pick up subtle signal differences, we intensified the original image by intensity slicing to convert the grayscale images that are difficult for observation into enhanced color images that can be subject to color change.
A. Results of Intensity slicing
We strengthened the DICOM image browser functions by adding a color definition interface for users to assign levels for the observed image, and the system would in turn automatically assign the color distribution based on the defined levels. As shown in Figure 10 , users can also define their own color to observe the color changes of the intensified area; they can also set up parameters for different examination type or body position to be saved as defaults for different examination scenarios for direct use in the future. 
B. Numerical analysis and curve diagram
Medical examinations usually produce a series of image files, and these files display variations due to different shooting times or reactions to drug injection. Through the analysis formulas in the previous section, we integrated the parameter definition for the line chart of original SI, slope, and peak (%) value, thereby allowing users to set up parameters to observe the sequential changes of the images. The axis represents the changes in brightness intensity in a given period of time. By scrolling along the axis, tissue sections at different time points can be observed, akin to watching a video in auto playback. This system provides four sets of axis scrolls for browsing the intensity slicing at four different time points for comparison, as presented in Figure 13 . In addition, users can choose to observe the entire area or a selected area. The system automatically generates a line graph (Figure 14) according to the area selected by the user. With the auto playback mode, image variations can be readily observed. 
C. Component-based E-diagnosis Web Viewer
We use component software technology to develop a web-based image processing and display component to visualize and manipulate various DICOM images in a Web browser. This web-based e-diagnosis system uses module-based design framework with multi-thread processing and multimedia content presentation capabilities, integrating the methods and algorithms in Section III to process DICOM image data, including static medical image display module, dynamic medical image display module, intensity slicing and analysis module and other functions, as shown in detail in Figure 15 . The system execution results are presented in a web browser for user operation and manipulation.
A GUI is designed for the web browser, called the Web Viewer, containing functions such as the DICOM diagnosis system, organ image registration system, DICOM browser and patient database access. In terms of image reading and operation, users can select to perform color-level or color conversion, zoom in/out, image reorientation and size measurement through a simple mouse click. They can also carry out intensity slicing and analysis of sequence-images, or directly access previously stored information for reading and diagnosis. Figure 17 presents the Web Viewer interface in detail.
A function menu is placed on the left of the Web Viewer screen, while the top provides operation options, with the middle area displaying medical image or video, in which multiple images can be viewed and analyzed simultaneously. In addition, the system is equipped with a remote control module, permitting practitioners from different hospitals or regions to query electronic patient medical records or read the image sequence in the database via the web browser user interface upon authentication and authorization. Medical personnel at different hospitals can send and receive operating instructions to each other on the platform for online cooperation and telemedicine education. 
V. CONCLUSIONS
Medical practitioners need to diagnose numerous patients and analyze test results for the course of treatment, coupled with the progress and innovation in medical engineering, speed and accuracy are more important than ever. Commonly seen X-rays, CT scans or MRI tests often call for experienced doctors to read relevant data and produce a diagnosis and treatment recommendations With our DICOM-based interactive e-diagnosis system prototype, doctors are provided with reference information to facilitate the diagnostic process. Using image processing and analysis, the DICOM files are converted and acquired, allowing the user (doctor) to set up parameters or perform intensity slicing and analysis through the e-diagnosis system to obtain image information or label specific regions of interest (ROI) for computation to generate charts depicting image variations.
The system also combines Internet functionality to provide remote medical diagnosis and patient data query features, all of which are conducive for doctors or medical personnel in different regions to cooperate and get hold of real-time test images and information of the patient. Follow-up studies can seek to incorporate a more convenient patient information entry and update interface into the system for automatic image analysis and information retrieval, where the data can be stored in the patient's personal information for up-to-date medical records.
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